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South Africa is the centre of African cycad diversity, containing more than half of the species distributed throughout Africa (1) . The African genus Encephalartos consists of 66 species (2), of which 29 species are endemic to South Africa (3, 4) . Yet, Encephalartos species are the most threatened group of plants in South Africa, with 78% of the 37 species classified as threatened (4) . Three species are already extinct in the wild and 12 species are classified as Critically Endangered and will shortly face extinction if the current pace of wild plant removal continues (2). Illegal harvesting of wild cycads for private collections and landscaping purposes has resulted in numerous species being pushed towards the brink of extinction and is a significant conservation issue in South Africa (1, 5) . Cycads are long-lived plants and take decades to reach a desirable size, promoting the removal of already established plants from the wild (1) . Furthermore, cycads become more desirable to collectors as they become rarer, causing inflated values for rare cycads as the cost of finding wild cycads increases (6) .
There has been a substantial increase in illegally harvested wild cycads entering the legal cycad market since the early 1990s (3, 5) . The strict legislation intended to protect wild cycads is largely ineffective at present, as law enforcement agencies lack capacity to curb illegal removal of wild plants. Additionally, once wild cycads reach collectors, it is extremely difficult to prove that suspect cycads originated from the wild to the satisfaction of a court of law.
The advancement of technology in biodiversity conservation offers potential novel tools for law enforcers to use in regulating legal trade and combating the illegal trade. For example, the use of micro-chipping to mark cycads in the wild has had some success in apprehending and prosecuting poachers and collectors who have obtained these specimens illegally.
However, significant drawbacks of this technique are that each cycad needs to be marked 4" " " prior to the poaching event and many poachers detect the micro-chips using X-ray scanners and then remove them (7) . DNA barcoding is useful to confirm species identity and determine which populations they originated from (7) (8) (9) , thereby identifying genetic origin for investigations (8) . Yet, genetic studies have failed to provide conclusive evidence of a wild versus cultivated origin of sampled collections. What is needed is a forensic technique that does not require pre-marking of wild individuals, cannot be removed or altered by the collector and is able to distinguish between wild versus cultivated origins for many years after the poaching event. In this study we explore the potential of using the stable isotopic composition of cycad tissues as such a forensic technique.
The use of stable isotopes in courts is most effective when reinforcing information or providing additional evidence in case investigations (10). This method will potentially improve enforcement and compliance within the cycad trade by targeting the end users, who are often far removed from the poaching events, thereby decreasing the demand for wild mature plants and contributing to the conservation of cycads in the wild. Using stable isotopes as a forensic tracer is potentially invaluable, because poachers are unable to remove the isotopic signature within the plant tissue that grew in the wild, as is currently occurring with micro-chips. Prosecution for possession or removal of wild cycads would also be possible a number of years after the poaching event. Proving legitimacy of cycads in nurseries is challenging for authorities and this forensic technique has significant implications for certifying legal trade both nationally and internationally. The use of stable isotope ratios has the potential to verify the origin of cycads in nurseries, thereby assisting authorities with implementing the provisions of CITES (the Convention on International Trade in Endangered Species of Wild Fauna and Flora). Encephalartos species are included in Appendix I and therefore international trade in wild specimens for commercial purposes is prohibited.
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Forensic stable isotope studies have been successful in numerous contexts, including tracing the origin of poached elephant bone and ivory (11) , and sourcing drug trafficking routes through tracing the geographic origin of marijuana (12) , as well as cocaine and heroin (13 (24, 25) , because they vary spatially within rainfall thereby providing signatures specific to the area of origin (23) .
Forensic stable isotope studies have been most successful where there is distinct isotopic separation between geographic locations or sources of material and a robust chronology contained within the material of interest (25) . In this regard, forensic tracing of South African cycads may be well suited to this technique. Cycads are range restricted with small 6" " " populations (1), enhancing the probability of distinct isotopic compositions associated with wild populations. Additionally, the majority of poached cycads are relocated far from their natural wild range, increasing the probability of distinct isotopic composition of tissue grown in the relocated location relative to the wild location. Most poached cycads are relocated to the urban areas of the Gauteng Province, whereas the majority of wild cycad populations within South Africa are distributed within the Limpopo, Mpumalanga, KwaZulu-Natal, and Eastern Cape Provinces (26) .
The aim of this study was to investigate the use of a forensic isotope approach as a technique to identify cycads that had been removed as mature individuals from a wild location and relocated to a garden. 
Methods

Sampling criteria and study species
We identified two case studies for our initial testing of the forensic isotope method. Each case study consisted of a comparison between an individual of known relocation history, currently growing in a location different from the wild habitat, and a control specimen from the wild habitat. The species chosen (Encephalartos lebomboensis and Encephalartos arenarius) met the following criteria that were deemed to be important for properly testing the technique: (i) an arboreal growth form allowing chronological sampling along the stem, (ii) restricted wild population range, (iii) threatened by poaching, (iv) the existence of at least one individual with a known relocation history that was removed from the wild at least three years ago and grown in an ex situ climate that is different from the wild, and (v) accessible plants still remaining in the wild to sample as a control. Practical difficulties in obtaining specimens with a reliable relocation history and sampling wild specimens of threatened and protected species limited our ability to expand the initial sample size beyond 4 individuals. Paucity of sample size is problematic in most cycad studies, especially when removing cycad material (14) .
Encephalartos lebomboensis (Endangered A2acd; B1ab(ii,iii,iv,v)+2ab(ii,iii,iv,v)), commonly known as the lebombo cycad, occurs in isolated populations in Kwazulu-Natal, Mpumalanga and Swaziland and grows at high altitudes on rocky slopes or on cliffs and ravines in grasslands or savannas (26, 27) . This species is threatened by poaching for collections, which has resulted in considerable population declines over the past 90 years (27) . Today, fewer than 5000 individuals remain in the wild (27) . One individual of E.
lebomboensis was sampled at the Kirstenbosch National Botanical Garden, Cape Town. This plant was moved to the garden in 1946 and originated from a wild population in the northern KwaZulu-Natal are found at an elevation of 1100 m above sea level and experience a mean annual precipitation of 1053 mm (28), which peaks in midsummer (29) . This is distinct from Kirstenbosch, which experiences winter rainfall and hot, dry summers, with a mean annual precipitation of 1400 mm (30) and is at an elevation of around 150 m above sea level (29) .
Additionally, the geologies also differ between the two localities; the Cape Town region consists of Cape Peninsula Pluton from the Cape Granite Suite compared to quartzite, which forms part of the Mozaan Group in KwaZulu-Natal (29) . These differences in environmental factors between the wild and relocated localities were likely to provide distinct isotopic compositions.
Encephalartos arenarius (Endangered A2acd; B1ab(ii,iii,iv,v)+2ab(ii,iii,iv,v); C1), or the alexandria cycad, occurs in isolated populations distributed on the coastal sand dunes of the Eastern Cape Province (26, 31) . This species grows in sandy soils consisting of Quaternary sands (29) , and is usually found on sloping hills or dunes under tree canopies, or in open grasslands due to altered habitat for pastures (31) . The population has decreased by 50 % over the past 60 years due to illegal collection and habitat loss, and only 850 to 1500 mature individuals remain in the wild (31) . One specimen of E. arenarius was sampled at the Lowveld National Botanical Garden in Nelspruit, which arrived at the garden in 1992 after it was confiscated from poachers. This cycad originated from a wild population in the Eastern Cape, approximately 1000 km from Nelspruit. Nelspruit has mild to hot sub-tropical conditions, with summer rainfall and mean annual precipitation ranging between 600 mm and 1 100 mm (28). The Lowveld National Botanical Garden is found at an elevation of around 9" " " control specimen for E. arenarius was sampled at the same locality that the confiscated cycad at the Lowveld National Botanical Garden originated from. In contrast to Nelspruit, the wild E. arenarius population receives between 450 mm and 900 mm of mean annual precipitation throughout the year (28), with peak rainfall during March and November, and grows at an elevation of around 100 m above sea level (29) .
Establishing an isotope chronology
In order to establish an isotope chronology that could be used for forensic purposes, we tested two sampling protocols. Firstly, we repeated Vogel and van der Merwe's (14) method of removing leaf bases from the upper, middle and lower sections of the cycad stem ( Fig. 1 ).
The upper part of the stem was expected to have the youngest plant tissue with increasing plant tissue age towards the lower leaf bases (14) . A minimum of three replicates were collected for the petioles and each section of the stem. Each replicate required three to four leaf bases depending on their size (altogether approximately two grams dry weight), which were removed by shaving the outer part of the leaf base off with a hammer and chisel, about one to two centimetres into the stem. The leaves were cut at their base with secateurs to sample the petioles. Any lichen, moss or algae growing on the leaf bases were scraped off using a sharp razor blade. Samples were dried at 60˚C for 48 hours and ground to a fine powder in a ball mill.
Secondly, we tested a novel sampling method using a hand held increment borer to obtain cores of the vascular tissue from the lower, middle and upper parts of the cycad stem ( Fig. 1) .
We expected the age of the vascular tissue to decrease with increasing height and proximity to the exterior of the stem, with the youngest tissue being at the top of the stem and in the outer parts of the vascular tissue (26) . The vascular tissue was sliced out of the cores under a dissecting microscope and then dried at 60˚C for 48 hours. Samples were ground to a fine 10" " " powder in a ball mill. Between 80 and 200 mg of dry weight sample was reduced to cellulose, following methods described by Leavitt and Danzer (32) .
Radiocarbon dating of samples
We determined the chronology of the tissue samples through 14 C-dating, allowing us to establish which material grew within the wild or within the new location. All analyses were conducted at the Beta-Analytical Laboratory, Miami, Florida (www.radiocarbon.com). Leaf bases sampled from the upper, middle and lower sections of the relocated E. lebomboensis stem and from the upper and middle sections of the relocated E. arenarius stem were analysed for 14 C. One sample from the inner vascular ring and one sample from the outer vascular ring at the lower section of the relocated E. lebomboensis stem were reduced to cellulose. All samples were pre-treated with acid-alkali-acid (AAA) wash, using HCl-NaOHHCl (33). Before the samples were analysed using accelerator mass spectrometry (AMS), the AAA pre-treated samples were cryogenically purified to carbon dioxide through the combustion of the sample, and then reduced to solid graphite (33). The 14 C was measured as percent modern carbon (pMC), because there was more 14 C present in the samples than in the modern reference standard (AD 1950), indicating that the sample originated after the atom bomb testing, which caused an increase in 14 C post 1950. The calendar age for the samples were calibrated using percent modern carbon from the "bomb spike" curve (34, 35).
Stable isotope analyses
Leaf base and petiole samples were analyzed for the stable isotopic composition of carbon 
Statistical analysis
Based on 14 C-dating and the visible difference seen in growth along the stem of the relocated cycads (see Results, Table 1 ), we pooled samples within a plant to represent pre-relocation and post-relocation groups for statistical analysis. The same groupings were applied to the wild specimens serving as controls. For a stable isotope ratio to successfully record a relocation event, we assumed that there would have to be: 1) no statistical difference between pre-relocation tissue in wild and relocated plants, and 2) a significant difference in postrelocation tissue between wild and relocated plants.
For E. arenarius, relocated in 1992, the middle and lower leaf base samples were grouped together as the pre-relocation group and the petiole and upper leaf base samples were grouped together as the post-relocation group (see Table 1 ). For E. lebomboensis, relocated in 1946, all samples were considered to form part of the post-relocation group (see Table 1 ). For each species, we tested for differences between the wild and relocated groups by a one-way ANOVA for each stable isotope, followed by a post-hoc Tukey test (for E. arenarius) if significant differences were found. Analyses were conducted in STATISTICA version 11 (41). The core samples were not well constrained temporally (Table 1) , limiting the statistical analyses that could be justifiably performed. Instead we followed two simple approaches.
Firstly, we tested for homogeneity of variance between the wild and relocated samples within each species using Levene's Test. We reasoned that relocated specimens would be more likely to show higher variance than specimens from a fixed location. Where variance was homogenous, we tested for differences between the wild and relocated samples within each species using a Student's t-Test. In the case of variance being non-homogenous, we did not perform a Student's t-Test, but rather assessed which samples from the relocated plant fell inside and outside the range expected for a plant remaining in one locality. This range was assumed to be adequately represented by the mean ±2 standard deviations of the wild specimen. Samples outside of this range were likely to be from a different locality than the wild. Analyses were conducted separately for δ 13 C and δ 18 O in STATISTICA version 11 (41) .
Results
Radiocarbon dating
The 14 C dates for both relocated specimens suggested that leaf bases would be effective for forensic tracing if the poached cycads were relocated between 6 to 30 years ago. In both plants, there was a sequential increase in age from the top to the base of the stem (Table 1) , consistent with findings from Vogel and van der Merwe (14) . The 14 C results from E.
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" arenarius indicated that the relocation event occurred between the middle and upper portions of the stem (Table 1) . This was consistent with the visible change seen in growth, through increased stem diameter and bigger leaf bases, since it was moved to Nelspruit.
Unexpectedly, the oldest 14 C date for the relocated E. lebomboensis specimen was 34 years ago ( Table 1 ), indicating that the entire stem grew subsequent to the plant being relocated in 1946, and did not grow in the wild.
We hypothesized that the inner vascular tissue would be older than the outer vascular tissue, as there were no obvious growth rings. The 14 C dates for vascular tissue from the inner and outer portions of the lower core in E. lebomboensis supported this hypothesis of the outer vascular tissue being younger than the inner (Table 1) .
Isotope chronology in leaf bases
Strontium
For E. lebomboensis, the 87 Sr/ 86 Sr ratios were significantly different between the relocated and wild specimens (Tables 3 and 4 ; Fig. 2 ). As 87 Sr/ 86 Sr is a good indicator of underlying geology (12, 14, 15) , this result indicates that the entire relocated stem grew in a different locality from the wild specimen. This is consistent with the 14 C-dating results (Table 1) . For E. arenarius, 87 Sr/ 86 Sr ratios for the petiole and upper leaf base samples in the relocated specimen were significantly different from the wild specimen (Tables 3 and 4 , Fig. 3 ).
However, the middle and lower leaf base samples in the relocated specimen, dated to before the relocation (Table 1) , were indistinguishable from the wild plant (Tables 3 and 4 , Fig. 3 ).
These results are consistent with a wild origin and subsequent relocation of the relocated E.
arenarius plant.
Lead
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There were no significant differences in 206 Pb/ 207 Pb between wild and relocated groups for either species (Table 3) . There was a significant difference in 208 Pb/ 207 Pb between wild and relocated groups for E. lebomboensis, but no significant differences for E. arenarius (Table   3 ).
Sulfur
The wild and relocated E. lebomboensis specimens were siginificantly different in δ 34 S (Tables 3 and 4 ), indicating that δ 34 S may be useful in tracing relocations. However, there was considerable variation (>9‰) within the relocated plant. For E. arenarius, all groups were significantly different from each other (Tables 3 and 4) . However, the pre-relocation groups in wild and relocated plants were siginificantly different (Table 4) , refuting the utility of δ 34 S as a tracer. Unfortunately, we were unable to compare the post-relocation groups, due to insufficient sulfur concentration in those samples ( Table 2 ). The high degree of variance within plants, as well as the difference seen for the pre-relocation groups indicates that δ 34 S may not be a good indicator for locality within cycads.
Carbon
There was no significant difference in δ 13 C between the relocated and wild stem for E. lebomboensis ( Table 3 ), suggesting that the ratio of internal to external leaf CO 2 concentrations (C i /C a ) (43) was constant for this species in the two locations. Noticeably, there was little variability in δ 13 C within both E. lebomboensis specimens and the wild E.
arenarius specimen (Table 2) , indicating little variability in water-use efficiency over the lifetime of stems growing at a consistent location. The ANOVA of E. arenarius groups was significant ( Table 3 ). The post-hoc Tukey test showed the pre-relocation groups were significantly different from each other, but the post-relocation groups were not (Table 4) . This is the opposite pattern that one would expect if δ 13 C were reflecting the relocation event.
However, the trend within the relocated E. arenarius was distinct from the other stems. It
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showed a ±3‰ change in δ 13 C in the post-relocation tissue relative to pre-relocation tissue (Table 2 ). In contrast, the control specimens varied by ±1‰ (Table 2 ). This illustrates that individual plants within a common habitat may have different water-use efficiencies, possibly depending on variations in micro-climate, and emphasizes the need to look at relative shifts within a plant.
Nitrogen
There was no difference in δ 15 N between the relocated and wild E. lebomboensis specimens, despite the plants growing in different localities (Table 3) . For E. arenarius, δ 15 N was significantly different between post-relocation groups, but not between pre-relocation groups (Tables 3 and 4) , consistent with a common origin and subsequent relocation of the relocated plant.
Principal Component Analysis: using multiple isotope tracers
The PCA for the E. lebomboensis samples separated the relocated and the wild specimen into two distinct groupings (Fig. 4) , indicating that the specimens originated from different environments. The differences between the relocated and wild specimens were driven primarily by δ 13 C, δ 34 S and 87 Sr/ 86 Sr.
The petiole and upper leaf base samples from the relocated E. arenarius specimen grouped together in the PCA, whereas the middle and lower leaf base samples grouped together with all samples from the wild specimen (Fig. 5 ). This suggests that the petioles and upper leaf bases from the relocated plant originated from a different environment (Nelspruit) compared to the middle and lower leaf bases. The middle and lower leaf bases were grouped with the wild specimen, indicating that they originated from the Eastern Cape (Fig. 5 ). The grouping of the different localities was driven primarily by δ 15 N, δ 13 C and 87 Sr/ 86 Sr ratios. Wild and relocated specimens differed significantly in both δ 13 C (t = -8.81, df = 53, p = 0.84 Table 4 ; Fig. 6 ) and δ 18 O (t = 13.52, df = 59, p = 0.26; Fig. 6 ). These significant differences in δ 13 C and δ 18 O, as well as the homogenous variance between wild and relocated plants,
Isotopic composition of cellulose in core samples
suggests that these plants grew in separate localities for their entire histories.
There was a significant difference in variance between wild and relocated E. arenarius plants for both δ 13 C (F = 6.76, df =32, p = 0.014) and δ 18 O (F = 12.10, df =32, p = 0.0015). While the variance of the wild E. arenarius was comparable to the wild and relocated E.
lebombensis specimens (Fig.s 6 and 7) , the variance of the relocated specimen was approximately 5-fold higher in both δ 13 C and δ 18 O relative to the wild specimen (Fig. 7 ).
There were several core samples from the relocated E. arenarius that fell outside of the mean ±2 standard deviations of the wild specimen (Fig. 7) . Due to the lack of temporal control of these core samples, we hestitate to over-interpret these data, other than to assume that the greater variance in δ 13 C and δ 18 O of the relocated specimen reflects variation in environmental conditions, or stress, associated with a relocation event. However, we note that the relocated upper core sample was most different from the δ 18 O in the wild plant (Fig. 7) .
The upper core is likely to represent the youngest vascular tissue in the plant, and thus probably was formed post-relocation.
Discussion
Our results indicate that stable isotopes have great potential to be used as a forensic tracer to determine the origin of ex situ cycads. The E. lebomboensis relocated and wild stems were in the most recent tissue from the relocated E. arenarius was isotopically distinct from the older tissue, which resembled the isotopic signature of the wild specimen (Fig. 3, 5 and 7 ).
This supports 14 C results that the relocated E. arenarius specimen originated from the wild and was moved to a new locality in 1992. Taken together, these two case studies indicate that changes in geographic locality can be detected within the isotopic chronology of these cycads, providing a potentially powerful tool to forensically determine the origin of illegally harvested cycads. obtained from the leaf bases. Additionally, this method is more destructive than the leaf base sampling technique. As such, the leaf base sampling technique currently appears the best method for establishing a recent chronology.
Secondly, for any successful forensic isotope study, there must be a difference in isotopic composition between the wild and relocated areas that can be detected in the chronology. As seen for E. arenarius, a compelling case for a wild origin could be made in cycads where tissue predating the relocation event was isotopically indistinct from wild specimens, whereas tissue grown after the relocation event reflected that of the new locality. In this regard, relocations to a similar climate and substrate as the wild population are unlikely to be detectable through this method (25) . However, relocations to gardens with different substrates, watering regimes, climate and atmospheric pollution have a higher probability of being detectable (25) . In an ideal situation, wild localities would have a unique isotopic "fingerprint" that would serve as a marker of wild origin when analysing suspect cycads. By measuring multiple isotopic tracers, the chance of detecting a unique "fingerprint" amongst different localities can be maximized (13, 15, 45) .
In our study, the use of multiple isotopes was effective in separating wild samples from relocated. Particularly promising was 87 Sr/ 86 Sr, which would be the starting point for any future forensic invesitgation and has been successfully used to provenance materials (12 difference between samples grown in the wild and the relocated locations ( Fig. 2 and 3 ). This suggests that 87 Sr/ 86 Sr is a very powerful tool for proving wild origin.
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Our results indicate that δ 18 O has potential as a forensic tracer for cycads. Multiple environmental parameters influence the δ 18 O of cellulose, such as water vapour pressure of the atmosphere, air temperature and δ 18 O in the water source (46) . As these parameters vary spatially across South Africa (47), there is a high probability that the δ 18 O in cellulose would be distinct between wild populations and relocated specimens. In our study, the δ 18 O in vascular core cellulose clearly distinguished between wild-grown and relocated E.
lebomboensis specimens (Fig. 6) . It is likely that the differences in growing elevation (150 m above sea level for the relocated specimen, 1100 m above sea level for the wild specimen) and precipitation seasons (winter for the relocated specimen, summer for the wild specimen)
explain the ~2‰ higher δ 18 O values within the relocated E. lebomboensis relative to the wild specimen (Fig. 6) . We also interpret the 5-fold increase in variance between specimens grown within one location and the relocated E. arenarius specimen as an indication that δ Our study also demonstrated several other isotopes that appeared promising for recording the provenance of relocated cycads, specifically δ 15 N, δ 13 C, δ 34 S and 208 Pb/ 206 Pb ( Table 3 ). The variation in δ 15 N of E. arenarius was consistent with the relocation history of the case study (Table 4 ). δ 15 N is potentially a useful tracer as cycads are often fertilized within gardens.
Fertilization may create a distinct plant δ 15 N composition compared to wild grown plants (17) . In a scenario were cycads are moved between similar geologies, δ 15 N may be a more informative geographical tracer than 87 Sr/ 86 Sr.
22" " " δ 13 C of plant material is primarily used for detecting physiological changes within the plant caused by changes in light and water availability (21, 48) . While δ 13 C will not aid in determining specimen origin, relative changes in δ 13 C within the plant may provide an independent measure of relocation to support results from other stable isotope ratios. Our results indicated an increase in δ 13 C variance within the relocated E. arenarius specimen compared to the other specimens that remained in one locality (Table 2 ). This increased variance in δ 13 C for the relocated specimen was also noted within the vascular core samples (Table 2) . Interestingly, there was no difference seen between δ 13 C of wild and relocated E.
lebomboensis leaf bases (Table 3) , but there was a significant difference in δ 13 C of cellulose from the vascular core samples of wild and relocated plants (Fig. 6 ). The differences in the δ 13 C of the vascular core cellulose are consistent with an interpretation of environmental variability between the wild and relocated specimens. The wild E. lebomboensis specimen grew in a more water stressed environment on the edge of a cliff face compared to the relocated specimen that grew in more mesic conditions in a botanical garden. Why was this not recorded in the leaf base δ 13 C? Possibly the signal was masked by carbon-containing secondary compounds that were included in the leaf base bulk δ 13 C measurement, but not in the purifed cellulose. Alternatively, the core samples may reflect a more recent time period than the leaf base samples (Table 1) and might be capturing different scales of environmental variability. This remains an avenue for future research.
Sulfur and lead stable isotopes within plants have successfully been used in detecting polluted localities (18) (19) (20) . Thus, these isotopes may be valuable for distinguishing between localities when sampling ex situ plants relocated to more highly polluted urban areas. In our present study, there were significant differences in δ 34 S for wild and relocated specimens of both species. However, the considerable variation in δ 34 S, together with the inconsistent as well as assisting in identifying unique isotopic "fingerprints" for cycad populations.
Future development
Our two cases studies have shown the potential use of this method for forensic investigation.
Future work should focus on replicating this study with other well-documented, relocated specimens, as well as quantifying the isotopic variability within wild populations.
Our study focussed on detecting a difference in isotopic signature within a plant with a known relocation history and comparing it to a known wild control plant. In practice, investigators will be dealing with cycads of unknown history and origin. Future directions of this cycad forensic method would include spatially characterizing the isotopic variability within wild cycad ranges on maps and using this as a reference for unknown cycads in 24" " " investigations (49) . This spatial stable isotope approach has been successfully used for a number of studies (12, 15, 45, 49) , and the probability of the unknown cycad originating within the new and wild localities can be tested using process models to predict expected isotope ratios for each locality (50) .
In cases where no unique wild "fingerprint" is possible, there is still the possibility of comparing the isotopic composition of the ex situ cycad to other cycads from the claimed origin (usually a nursery), and other cycads from the current location and testing whether the isotopic composition of the plant is consistent with any of these locations.
Our findings provide a basis for future research to use stable isotopes and 14 C-dating to validate relocation history and origin. We hope that the successful use of this forensic method will provide an effective deterrent for public engaging in the illegal cycad trade. Petioles were sampled using secateurs, and leaf bases were removed from the upper, middle and lower sections of the cycad stem using a hammer and chisel. Cores were taken from the upper, middle and lower sections of the cycad stem using an increment corer and the vascular rings were cut out of the cores to sample the inner (LCI), middle (LCM) and outer (LCO) sections from the lower tree core, the inner (MCI) and outer (MCO) sections from the middle tree core and one section from the upper core (UC). 
